The Roche PGMY primer-based research prototype line blot assay (PGMY-LB) is a convenient tool in epidemiological studies for the detection and typing of human papillomavirus (HPV) DNA. This assay has been optimized and is being commercialized as the Linear Array HPV genotyping test (LA-HPV). We assessed the agreement between LA-HPV and PGMY-LB for detection and typing of 37 HPV genotypes in 528 anogenital samples ( Infection by human papillomavirus (HPV) causes squamous intraepithelial lesions and invasive cancer of the uterine cervix and anus (3). HPV testing relies on the detection and analysis of viral DNA. Epidemiological studies and vaccine clinical trials require reliable and reproducible identification and genotyping of genital HPV infections. Since only a fraction of the 40 HPV genotypes infecting the anogenital tract are associated with malignant lesions, the detection method has to identify types individually. Specific genotyping also provides information on mixed HPV infections (26). Type-specific PCR assays are impractical for epidemiological studies because of the multiplicity of relevant genotypes infecting the anogenital tract. Consensus PCR assays that target conserved regions of the HPV genome have been devised to amplify all relevant genital types in one reaction, with analysis of amplicons by direct sequencing, restriction fragment length polymorphism analysis, or type-specific hybridization.
Infection by human papillomavirus (HPV) causes squamous intraepithelial lesions and invasive cancer of the uterine cervix and anus (3) . HPV testing relies on the detection and analysis of viral DNA. Epidemiological studies and vaccine clinical trials require reliable and reproducible identification and genotyping of genital HPV infections. Since only a fraction of the 40 HPV genotypes infecting the anogenital tract are associated with malignant lesions, the detection method has to identify types individually. Specific genotyping also provides information on mixed HPV infections (26) . Type-specific PCR assays are impractical for epidemiological studies because of the multiplicity of relevant genotypes infecting the anogenital tract. Consensus PCR assays that target conserved regions of the HPV genome have been devised to amplify all relevant genital types in one reaction, with analysis of amplicons by direct sequencing, restriction fragment length polymorphism analysis, or type-specific hybridization.
The most common PCR methods use the consensus primer set MY09/MY11/HMB01 (20, 25) , GP5ϩ/GP6ϩ (9, 21) , PGMY09/ PGMY11 (13, 34) , or SPF10 (30, 34) . Convenient assays for detection and typing of HPV have been developed for all of these primer sets. HPV amplicons generated by PGMY or MY primers can easily be detected and typed by a nonisotopic reverse hybridization assay, the line blot assay (14) . In previous studies, the reverse line blot assay combined with PCR using the MY09-MY11 or PGMY09-PGMY11 primers compared favorably to a dot blot assay using type-specific radiolabeled oligonucleotide probes for HPV typing of PCR-amplified products (6, 7, 23) .
Consensus L1 PGMY09/11 primers were reported to improve the sensitivity for HPV detection over that of the MY09/ MY11/HMB01 primers (6, 12, 13, 23) . The research prototype version of the assay, the PGMY line blot assay (PGMY-LB), has been further developed and is now commercially available from Roche Molecular Systems under the designation Linear Array HPV genotyping test (LA-HPV). The reagents used for LA-HPV are now standardized and produced under qualitycontrolled conditions. Amplification profiles and reagents have been optimized to increase the sensitivity and reproducibility, mainly by avoiding competition during coamplification of ␤-globin and HPV DNA (J. Kornegay, personal communication). The use of standardized protocols for HPV detection and typing increases the reproducibility of results and should facilitate the comparison of results between studies (22) .
The aim of the present study was to compare results obtained with PGMY-LB and LA-HPV for 528 anogenital specimens collected from 236 men and 146 women for HPV DNA detection and typing. The potential to separately identify types in multiple-type infections, a frequent occurrence in human immunodeficiency virus (HIV)-seropositive hosts, was also explored. The rates of detection of the 37 genotypes were compared between assays. This information is useful in view of the wider use of LA-HPV by numerous research groups as well as its potential application in diagnostic laboratories for HPV typing.
MATERIALS AND METHODS
Cell lines and clinical specimens. The cervical carcinoma cell line HeLa (which contains 40 copies of HPV type 18 [HPV-18] DNA per cell) was obtained from the American Type Culture Collection (Rockville, Md.). Overall, 528 genital specimens were obtained from 382 participants (146 women and 236 men) in two different cohort studies on the natural history of anogenital HPV infection during the course of HIV infection. Each participant in both studies gave written informed consent for HPV testing and completed a standardized questionnaire. Both studies were approved by the local research ethics committees of participating institutions. Male subjects were participants in a cohort study of the natural history of anal intraepithelial neoplasia (AIN). Anal swabs obtained at the inclusion visit for the cohort were collected from men and agitated in 1.5 ml of Preservcyt (Cytyc Corporation, Boxborough, MA) (33) . After centrifugation at 13,000 ϫ g for 15 min at 22°C, the supernatant was discarded, and the cell pellet was left to dry and resuspended in 300 l of 20 mM Tris buffer, pH 8.3 (31, 33) . Female subjects were from The Canadian Women's HIV Study, conducted across Canada to evaluate relationships between HPV and HIV infection and cervical disease (18, 28) . Self-collected cervicovaginal (n ϭ 146) and physiciancollected cervical (n ϭ 146) swabs were obtained from the same women to evaluate self-sampling for HPV detection, as described previously (28) . After being sampled, each swab was agitated in a tube containing 1 ml of 10 mM Tris, pH 8.3, with 0.1 mM EDTA and then discarded. Purification of DNA was done with a Master Pure extraction kit (Epicenter, Madison, WI) for all samples (17) . Five microliters of processed sample diluted in 45 l of sterile water was tested in each PCR assay, since 50 l of processed sample collected in Preservcyt is tested in the commercial LA-HPV protocol. All samples yielded a ␤-globin amplicon when amplified individually with 10 pmol each of the PC04 and GH20 primers, as previously described, and migrated in an ethidium bromide-stained agarose gel, confirming the presence of amplifiable DNA (2, 8) .
LA-HPV. PCR was performed in a final reaction volume of 100 l with 50 l of kit working master mix containing MgCl 2 , KCl, AmpliTaq Gold DNA polymerase, uracil-N-glycosylase, dATP, dCTP, dGTP, dUTP, dTTP, and biotinylated PGMY primers and ␤-globin primers GH20 and PC04. The mixture was incubated in a TC 9700 thermal cycler set at maximum ramp speed for 2 min at 50°C and 9 min at 95°C, followed by 40 cycles of 30 s at 95°C, 1 min at 55°C, and 1 min at 72°C, with a final extension at 72°C (ramp rate set at 50%) for 5 min. Biotinylated amplicons were denatured in 0.4 N NaOH and hybridized to an immobilized probe array containing probes for 37 HPV genotypes according to the protocol provided by Roche Molecular Systems. Positive hybridization reactions were detected by streptavidin-horseradish peroxidase-mediated color precipitation on the membrane at the probe line. The probe for detection of HPV-52 amplicons on the array was a cross-reactive probe that also hybridized with types 33, 35, and 58. Samples positive with the HPV-52 cross-reactive probe and containing at least one of these types were also tested with a real-time PCR assay specific for type 52 validated in the laboratory of F. Coutlée (unpublished data; see below). Only samples reactive in the HPV-52 real-time PCR assay were considered HPV-52 positive.
PGMY-LB. HPV DNA was amplified with the L1 consensus HPV PGMY09/ PGMY11 primer set, as previously described (13) . The amplification mixture contained 4 mM MgCl 2 , 50 mM KCl, 7.5 units of AmpliTaq Gold DNA polymerase (Perkin-Elmer, Foster City, CA), a 200 M concentration (each) of dATP, dCTP, and dGTP, 600 M of dUTP, 100 pmol of each biotinylated PGMY primer, and 2.5 pmol each of the 5Ј-biotinylated ␤-globin primers GH20 and PC04. HPV was amplified in a TC9600 thermal cycler at 95°C for 9 min, followed by denaturation for 1 min at 95°C, annealing for 1 min at 55°C, and extension at 72°C for 1 min for a total of 40 cycles. Amplification was followed by a 5-minute terminal extension step at 72°C. HPV genotyping was performed with a reverse line blot detection system as previously described (14) . PCR products were denatured in 0.4 N NaOH and hybridized to an immobilized probe array containing probes for 37 mucosotropic HPV genotypes. The array was similar to that used with LA-HPV but contained an HPV-52-specific probe. Positive hybridization was detected by streptavidin-horseradish peroxidase-mediated color precipitation on the membrane at the probe line. (1) . Capillaries were placed in a Light Cycler system and amplified at 95°C for 10 min, followed by 50 cycles at 95°C for 15 s and 60°C for 60 s. Ten copies of an HPV-52-expressing plasmid in 500 ng of cellular DNA served as a weak positive control. This assay was shown to be sensitive and specific for HPV-52 DNA detection (F. Coutlée, unpublished data).
Statistical methods. The crude percent agreement between both detection methods was the percentage of samples with identical results in both methods. Percentages of agreement for overall positivity (HPV DNA-positive samples), for positivity for high-risk HPV types as a group (types 16 
RESULTS
A total of 528 anogenital samples from 378 HIV-seropositive participants were tested in one laboratory using the PGMY-LB and LA-HPV systems. The characteristics of these 378 participants are shown in Table 1 . The human ␤-globin gene was detected with the high-concentration probe in 528 (100%) and 527 (99.8%) samples and with the low-concentration probe in 497 (94.1%) and 466 (88.3%) samples by LA-HPV and PGMY-LB, respectively (P ϭ 0.001). All 528 samples had tested positive for ␤-globin after amplification with 10 pmol of GH20 and PC04 and gel electrophoresis of the amplicons. Of the 31 ␤-globin-negative samples with the low probe concentration in LA-HPV, 22 (71.0%) were HPV positive. Of the 62 ␤-globin-negative samples with the low probe concentration in PGMY-LB, 44 (71.0%) were HPV positive. A total of 12 samples tested negative with the low probe concentration for ␤-globin in both assays. The number of types detected per specimen was greater for ␤-globin-positive than ␤-globin-negative samples in LA-HPV (median and mean, 4.0 and 4.3 Ϯ 3.4 versus 2.0 and 2.0 Ϯ 2.3; P ϭ 0.001) or PGMY-LB (median and mean, 3.0 and 3.5 Ϯ 3.0 versus 2.0 and 2.2 Ϯ 2.2; P ϭ 0.001).
Results from both assays were first compared for HPV DNA detection, irrespective of type(s). As shown in Table 2 , HPV DNA was detected in 433 (82.0%) and 458 (86.7%) of 528 samples by PGMY-LB and LA-HPV, respectively (P ϭ 0.047). There was high agreement for HPV DNA by both methods for 495 (93.8%) samples (kappa ϭ 0.76) ( Table 2 ). Similar results were obtained when only the 447 ␤-globin-positive samples in both assays were considered in the comparison: 373 were positive and 47 were negative for HPV in both assays (concordance, 94.0%; kappa, 0.76; 95% confidence interval [CI], 0.69 to 0.84). Ninety-nine samples reacting with the HPV-52 crossreactive probe and containing HPV-33, HPV-35, or HPV-58 DNA were retested with the HPV-52-specific real-time PCR assay. Sixty-three were shown to contain HPV-52 DNA.
We then compared typing results for 37 genotypes for the 462 specimens found to be HPV positive with at least one of the PCR tests, for a total of 17,094 type-specific results. Overall, 1,743 positive results for the same type and 14,819 negative results were obtained in both PCR tests, while 492 positive typing results were obtained only with LA-HPV and 40 were obtained only with PGMY-LB. The overall agreement was 96.9% (16,562 of 17,094 results), with a kappa value of 0.76 (95% CI, 0.68 to 0.85).
Since these agreement calculations are influenced by the high rates of negative typing results in both tests, we compared the specific identification of individual genotypes by each of the two methods for all samples (Fig. 1) (kappa, 0.84 Ϯ 0.07), and that for men with AIN grades 2 and 3 was 94.6% Ϯ 3.4% (kappa, 0.86 Ϯ 0.11). These differences were not significant (P Ͼ 0.10 for each comparison). HPV-67 was the only type for which PGMY-LB detected a greater number of samples than LA-HPV, with 25 samples being positive in both tests, 1 testing positive in LA-HPV only, and 3 testing positive in PGMY-LB only. For each type but HPV-64 and HPV-71, at least one specimen was positive only by LA-HPV. HPV-16 was the type for which we obtained the lowest specificity with respect to the results obtained with PGMY-LB, measured at 92.1% (95% CI, 89.0% to 94.3%). The mean specificity obtained for all types reached 95.5% Ϯ 6.3% (95% CI, 93.5% to 97.4%). For HPV-16, 113 samples were positive in both tests, 33 were positive by LA-HPV only, none were positive by PGMY-LB only, and 382 were negative in both tests. All samples had been tested initially before this evaluation, using PGMY-LB, but without coamplification of ␤-globin (6): 10 (30.3%) of the 33 LA-HPVpositive, PGMY-LB-negative samples for HPV-16 had tested positive with PGMY-LB without coamplification. Additional testing was performed in duplicate on these 33 samples which were positive only with LA-HPV by a real-time PCR assay for HPV-16. Thirty (90.9%) of these samples tested positive for HPV-16.
We then determined if the use of LA-HPV over PGMY-LB could improve the type-specific detection rate for HPV infections (Fig. 2a, b, and c) . The most frequent HPV type was HPV-16. For all but two types (67 and 71), the rate of detection was higher with LA-HPV. This difference reached statistical significance for types 16, 51, 52, 53, 66, and 61 as well as the high-risk types as a group (P Ͻ 0.05). More than one HPV type per sample was detected in 223 (94.5%) of 236 anal swab samples and 167 (57.2%) of 292 cervical or cervicovaginal swab samples (P Ͻ 0.001). The median numbers of HPV types per specimen detected in anal swab samples and cervical or cervicovaginal swabs with PGMY-LB were 5 (range, 0 to 18) and 1 (range, 0 to 12), respectively. Figure 3 demonstrates a strong correlation between the numbers of types per sample detected with LA-HPV and PGMY-LB. However, a greater number of types per sample was identified with LA-HPV (mean, 4.2 Ϯ 3.4; 95% CI, 3.9 to 4.5; median, 3.0; range, 0 to 17) than with PGMY-LB (mean, 3.4 Ϯ 3.0; 95% CI, 3.1 to 3.6; median, 3.0; range, 0 to 15) (P Ͻ 0.001). Figure 4 shows the distribution of the numbers of types identified per sample in excess with LA-HPV. Although nearly half of the samples contained the same number of types with both assays, the distribution of differences shows a shift towards a greater number of types per sample detected by LA-HPV.
We then investigated the determinants of detecting a greater number of types per sample with LA-HPV for the anal cohort study (n ϭ 236), since histology data had been obtained only for these individuals. The number of types per sample found in excess with LA-HPV correlated with the total number of types per sample (r ϭ 0.49 Ϯ 0.06; P ϭ 0.001) but not with age (r ϭ 0.03 Ϯ 0.06; P ϭ 0.57), blood T-lymphocyte CD4 counts (r ϭ 0.06 Ϯ 0.06; P ϭ 0.13), or AIN grade (r ϭ Ϫ0.11 Ϯ 0.06; P ϭ 0.07). LA-HPV detected 0.66 Ϯ 1.04 (95% CI, 0.46 to 0.87) type in excess compared to PGMY-LB in samples containing five types of fewer and 1.41 Ϯ 1.42 (95% CI, 1.17 to 1.66) types in excess for samples containing more than five types (P ϭ 0.001). A greater number of types per sample was also associated with having more than two types detected by LA-HPV over PGMY-LB (odds ratio, 1.4; 95% CI, 1.2 to 1.6), 
DISCUSSION
The precise typing of HPV isolates is essential for the performance of epidemiological studies. It is an essential tool for measuring the impact of HPV vaccination on the risk of acquisition of individual HPV types. The oncogenic potential of some rare or new types also needs to be assessed. Persistent infections by highrisk HPV types are relevant to identifying women at greater risk of progressing to cervical cancer. The transmission of HPV between sexual partners as well as determinants of disease progression is still under study in large-scale cohort studies. In this evaluation, results obtained with LA-HPV were compared with those generated with PGMY-LB, a prototype assay that uses the same primers. In previous studies, PGMY-LB was shown to be a convenient, sensitive, and reproducible alternative to PCR assays based on radiolabeled probes (6, 7). Cycle sequencing has been reported to detect some HPV types better than PGMY-LB but did not perform as well on samples containing several HPV types (35) . Moreover, PGMY-LB generally detected more HPV-positive samples than did cycle sequencing (35) . One study reported that PGMY-LB performed similarly to the SPF10 Line Probe assay, a PCR-based system that also uses reverse hybridization for genotyping (34) . An international proficiency study had also shown the reliability of PGMY-LB (22) . We carried out the present study to assess the relative gain in diagnostic yield of using the commercial LA-HPV assay instead of PGMY-LB for the detection and typing of HPV DNA in 528 anogenital samples from HIV-seropositive individuals.
Based on these analyses, we found substantial agreement between the assays for the detection of HPV DNA. Our evaluation also demonstrated very good agreement between assays for consideration of each of the 37 genotypes individually. Our results indicate that HPV detection and typing can be significantly improved to various degrees for most genital types with the use of LA-HPV, including the most frequent genotype, HPV-16. Most samples positive for HPV-16 only with LA-HPV also tested positive with an HPV-16-specific real-time PCR assay, demonstrating a greater sensitivity of LA-HPV than of PGMY-LB. More HPV types per specimen were also identified with LA-HPV, especially with samples that contained over five genotypes.
The 93% to 100% agreement between the LA-HPV and PGMY-LB systems, whether considering all results or those for each of the 37 genotypes, is greater than the levels of agreement reported in the first evaluations of PGMY primers and in other studies comparing two consensus L1 PCR systems (4, 12, 13, 19, 27, 29, 32, 35) . Since both PGMY systems use the same primer sets, a greater level of agreement was expected. Moreover, type-specific probes were identical between the two assays, except those for type 52. The high prevalence of HPV infection and the presence of multiple-type infections in our population allowed us to derive levels of agreement with relatively narrow 95% confidence intervals for most types studied. for the anal cohort study had high-resolution anoscopies, we could assess if the correlation between assays was dependent on histological diagnosis. For this limited subset of samples, correlation was similar, irrespective of the grade of disease. Several reasons could explain the increased ability of LA-HPV to detect HPVs compared with PGMY-LB. The oligonucleotide probes and consensus PGMY primers were identical for both systems, making it less likely that the excess detection rate for LA-HPV was due to nonspecific hybridization or amplification. Moreover, when samples positive for HPV-16 with LA-HPV only were further investigated with a real-time PCR assay, most were confirmed as positive for HPV-16 DNA. In contrast to PGMY-LB, the LA-HPV protocol uses standardized reagents that are quality controlled and cycling parameters that are optimized, along with an optimal concentration of ␤-globin primers to minimize competition due to coamplification of ␤-globin and HPV DNAs. Interestingly, previous runs using PGMY-LB without coamplification of ␤-globin on the same samples confirmed the results obtained with LA-HPV for HPV-16 DNA in a substantial proportion of samples.
Coamplification of HPV with ␤-globin could reduce the level of sensitivity of consensus L1 PCR assays for HPV detection, especially for multiple-type infections (7, 35) . Moreover, all samples had tested positive initially for ␤-globin in a PCR assay amplifying ␤-globin separately from HPV DNA sequences (6, 7) . Samples that tested negative for ␤-globin in at least one PGMY assay contained HPV DNA. More samples were positive for ␤-globin with LA-HPV. Since ␤-globin is coamplified with HPV in PGMY assays, these assays could also be more sensitive to the effects of inhibitors than an assay testing only for ␤-globin sequences with a higher primer concentration (5). This hypothesis could be investigated further with internal controls for ␤-globin. Sample degradation could also have occurred since the initial testing for ␤-globin. Nevertheless, more samples were considered adequate by testing positive for ␤-globin with LA-HPV. Optimized amplification parameters could also have facilitated HPV typing for multiple-type infections, a frequent occurrence in samples from HIV-seropositive subjects.
Detection and genotyping of HPVs become more complex in samples containing multiple genotypes because of competition for reagents during amplification and the discrimination of types amplified by PCR. The correlation between the number of types contained in a sample and the number of additional types detected with LA-HPV suggests that less competition during amplification was encountered with LA-HPV than with PGMY-LB.
One limitation of the current study is the use of specimens from HIV-seropositive individuals. HIV-infected individuals have a high prevalence of HPV infection and are also infected more frequently with more than one HPV type. The test panel thus cannot be representative of the prevalence of HPV in a random population. On the other hand, our decision to use only samples from HIV-infected individuals afforded the opportunity to scrutinize assay performance under the more extreme conditions seen with specimens containing several HPV types. HIV-seropositive individuals are not only prone to acquiring multiple-type infections but also tend to harbor higher HPV viral loads (24) . Another consideration may be that the specimens analyzed were stored for several months, and there could be some specimen degradation over time. The same sample preparations were evaluated in each assay concurrently, and degradation was thus not an issue here.
In conclusion, LA-HPV will be of great value for epidemiological studies and clinical trials to monitor HPV infection at the genotype level in genital samples. Since high-risk HPV persistence is the most important predictor of cervical cancer, genotyping assays could prove useful for assessing viral persistence, but further clinical studies are required before precise recommendations can be made. Eventually, women with persistent infections caused by the same types could be monitored more closely (10, 26) . There was good agreement between these two assays for HPV DNA detection and HPV typing. Still, LA-HPV had a superior ability to detect HPV DNA and individual types compared with PGMY-LB. In light of the present results, studies currently using PGMY-LB will have to assess the opportunity to use LA-HPV because of the greater sensitivity of LA-HPV. Nevertheless, although there are some detection gains from using the LA-HPV commercial assay, the agreement with the prototype PGMY-LB assay is excellent, and therefore previous epidemiological studies using the prototype reagents are unlikely to suffer from severe misclassification bias. Further evaluations should be performed with HIV-seronegative subjects.
